Radioactive iodine has proved itself a most useful tool in the assessment of thyroid function and since its introduction in 1938 by Hertz, Roberts, and Evans (1) a voluminous literature on this subject has developed, much of which has been well summarized by Skanse (2) in his monograph.
Although various workers have noted that there is a delayed excretion of the isotope in renal disease which probably invalidates any measurements of urinary excretion of radio-iodine or calculations derived from such measurements as a means of indirectly assessing thyroid function, relatively little investigation of the effect of renal lesions on the more direct measurements of thyroid function with radio-iodine has been carried out. McConahey, Keating, and Power (3) have noted an apparently decreased rate of accumulation of radio-iodine by the thyroid gland, a finding generally indicative of depressed thyroid function. It thus seemed of interest to further investigate this problem to see firstly if renal disease in any way invalidates the use of tracer doses of radio-iodine as a diagnostic aid in assessing thyroid function, and secondly, with the aid of the isotope, to study some phases of iodine metabolism and utilization in subjects with renal disorders.
SUBJECTS AND METHODS
Patients with kidney disease were chosen only when they showed obvious signs of renal failure-elevated blood urea nitrogen, gross albuminuria and poor urinary concentrating power. These subjects are listed in Table I . A control group composed of normal persons or patients not known to have any dysfunction of either kidneys or thyroid is similarly listed in Table II . In both groups special care was taken to select subjects who had not previously had organic iodine compounds, e.g., priodax or lipiodol, and who had not had any inorganic iodine medication for at, least two months previously.
1The subject matter of this paper is part of a thesis submitted by Dr. Hughes to the Faculty of Graduate Studies, University of Manitoba in partial fulfillment of the requirements for the degree M.Sc. (Med.) Observations were made on the subjects after an overnight fast of at least 14 hours and they continued without food for the first six hours of the experimental period.
The fasting subject was required to void completely, and immediately afterwards was given 100-125 microcuries of carrier free radioactive iodine orally. Two to two and one-half hours later when absorption of the radio-iodide was probably complete, the patient again voided, a blood sample was obtained and the time noted. Counts over the thyroid were then begun and midway through the counting period, a second blood sample was taken and the time noted. An accurately measured time interval of approximately two hours was allowed to elapse whereupon the patient again voided and blood samples and thyroid counts were repeated. By these procedures it was possible to determine the clearance of radio-iodine from the plasma by the kidneys and the thyroid. A further blood specimen was obtained 26 hours after the administration of the tracer dose.
The quantity of radio-iodine present in the thyroid at any given time was expressed as a percent of the dose given and was determined by direct counts 6 inches above the thyroid isthmus, using a shielded collimated Geiger tube (4) and comparing the counts with similar ones over a standard solution of radio-iodine in a glass container. At least 1,000 counts were obtained in each instance. Background radiation was corrected for by subtracting counts obtained 6 inches over the middle of the thigh. Thyroid counts were made at two, four, 26, 50, and 75 hours after the ingestion of the dose.
Blood samples were collected in heparin or oxalate and the plasma immediately separated. Protein bound iodine estimations were made on one of the specimens, generally the first one taken, using the method of Barker (5) , which was also found satisfactory for the determination of urinary iodine. The plasma concentration of I' was determined on each sample of plasma, using the principles of the method of Barry (6) in which the radioiodine together with a controlled weight of added carrier is precipitated as insoluble palladium iodide and counted. Duplicate 1 ml. aliquots of plasma were precipitated with 3 ml. 8%o trichloroacetic acid. The samples were centrifuged and 2 ml. of supernatant removed; to this was added 1 ml. of 1.5% KI followed by an excess of palladium chloride. The resulting precipitate of palladium iodide was filtered off by means of a Tracerlab E-8A precipitation apparatus, dried and its radioactivity measured. The urine passed during the clearance period was similarly treated. For each aliquot at least 1,500 counts were scaled in determining the counting rates, which in 457 From the glomerular filtration rate and the renal were made until the asymptotic amount had been excreted. clearance of radio-iodine the percentage of the filtered From the urine excretion curves one was able to derive PI reabsorbed by the kidney tubules was calculated. certain values described by Keating, Power, Berkson,
The rate of clearance of I' from the plasma by the and Haines (7), namely, the disappearance rate of radio-thyroid gland was obtained by dividing the percentage iodine from the blood and the renal and extra-renal dis-of the dose accumulated per minute during the two hour posal rates of the radio-iodine.
clearance period by the mean plasma concentration (perRenal clearance of radio-iodine was computed using cent dose/ml.) during this period. the conventional formula UV/P. However, as the plasma
The plasma concentration of stable inorganic iodide level of I' falls in an exponential manner with time, a during the clearance period was measured indirectly, logarithmic mean concentration was calculated using the as the direct measurement of physiological amounts formula P -P' of stable iodide in plasma is technically difficult com-'InPl -l 2 as suggested by Keating and associ-pared with its measurement in urine. The procedure ates (8) . Clearance values were standardized to a body was similar to that of Stanley (10) by which it is assumed surface area of 1.73 sq. m. As a measure of the glomeru-that radioactive and stable iodine are handled indiscrimi- It has been shown that the distribution of I' throughout the body requires some six hours (11) . However, this need not invalidate the calculation so long as the plasma reaching the kidney and thyroid have the same levels of radio-iodine and the plasma level is falling in an exponential manner. The above calculations assume that all the urinary iodine is in the form of iodide. It has recently been shown by Rall (12) that organic iodine compounds may be excreted in urine, but in the euthyroid individual they comprise a very small portion of the total urine iodine and hence the resultant error in the calculated plasma iodide level should be small, and it is presumed in this study that the urine of individuals with renal disease likewise does not differ in this respect. The percentage resorption of chloride and sodium loads by the renal tubules was estimated on some subjects. Sodium was measured by flame photometry and chlorides by the method of Shales and Shales (13) in plasma, and by the Volhard-Arnold method in urine (14) .
RESULTS
(A) Results on the urinary iodine in kidney disease excretion of radio-
The renal clearance of radio-iodide by 11 patients with kidney disease and by 11 control subjects is shown in Table III . Also shown in this table are the 48 hour urinary excretions of the isotope and the calculated renal excretion rates and extra-renal disposal rates of radio-iodine, these latter two values being derived according to the principles of Keating and co-workers (7) . All values were markedly lower in the patients with kidney disease including the calculated extra-renal disposal rate of I131. This latter value approached the levels found in hypothyroidism and if assessment were made on this basis only it might be concluded that the thyroid glands of a person with renal dysfunction were underactive.
The level of the isotope in the plasma 26 hours after administration of the dose is shown in Table IV in the plasma is considerably greater than the level in the control subjects, but in addition the (B) Results on the thyroid uptake of radio-iodine in kidney disease
Most of the control subjects had taken up their maximum amount of Il1 into their thyroids by 26 hours after the dose. This is illustrated in Figure   1 . Figure 2 , were markedly different. It ference. It would thus appear that the thyroid gland in kidney disease is not hypoactive and actually more iodine per unit time is entering the gland under fasting conditions. As all of the subjects were clinically euthyroid and none had the elevated levels of protein bound plasma iodine characteristic of hyperthyroidism, it would appear that despite the enhanced uptake of iodine into the thyroid, there was no increased production of hormone by the gland.
DISCUSSION
Since there was much evidence of kidney parenchyma damage including elevated plasma creatinine levels in the subjects with renal disease it is not surprising that decreased renal clearance rates for radio-iodine and elevated plasma levels at 26 hours were found.
It has been shown by Riggs that iodide clearance rates in normal dogs can be greatly decreased by low sodium chloride intake (15) . Of the subjects with kidney disease here studied, seven were on low salt intake, but three were on normal diets and one on normal diet plus 2 gm. extra salt per day and these four show an average radio-iodide clearance of 4.6 ml./min., a value which is somewhat below that of the whole group. Thus although a low sodium chloride intake may bring about a decreased clearance of iodide from the blood, the main cause of the decreased rate in the subjects with renal disease was not this factor but more probably the glomerular and tubular pathology.
The glomerular filtration rate as measured by the endogenous creatinine clearance was found to be decreased. This resulted in a decreased filtration of radio-iodide and consequently a considerable retention of the isotope due to the glomerular damage. However, the retention of I131 was not entirely due to poor filtration for there was also increased tubular reabsorption of the filtered radio-iodide. When the quantities of stable iodide involved were calculated, it was shown that despite depressed glomerular function actually more iodine was being filtered per hour than by normal subjects and of the amount filtered, a greater portion was being reabsorbed by the tubules.
A dissimilarity of tubular function in respect to sodium and chloride on the one hand and iodide on the other has appeared in the present study.
The percentage of resorption of filtered iodide has been estimated to be 73%o by Smith (16) . Results in the present study using physiological amounts of iodide labelled with the I131 agree well with this figure. It is remarkable that chloride which is chemically similar to iodide is resorbed by the tubules in percentage amounts similar to those noted for sodium, namely 98-99%o of the tubular load. It has recently been shown by Platt (17) that although patients with renal failure filter less sodium than normal, they resorb a smaller percentage of the tubular load. This was noted also for sodium and chloride in two patients in whom it was examined in the present series. It is therefore interesting that in patients with renal failure there is an increase in the tubular reabsorption of both I131 and I127 but a fall in the amount of filtered sodium and chloride reabsorbed.
Platt (17) found the degree of reduction in tubular reabsorption of sodium by patients with renal disease was directly related to the amount of decrease in glomerular filtration, thus maintaining a normal plasma level of sodium. In the present series neither a correlation between filtration rate and the degree of iodide resorption nor a maintenance of normal plasma iodide levels was noted.
Since urinary excretion of 1131 is much lower than in the control subjects, erroneous interpretations as to thyroid function will be made from urinary excretion values for radio-iodine in kidney disease; likewise misleading results will be obtained from any figures derived originally from urinary excretion data such as the "extra-renal disposal rate" and the "thyroid accumulation rate" of Keating and associates (7) .
The observation that the thyroids of patients with kidney disease continued to take up radio-iodine after 26 hours, in contrast to those of normal individuals, is most likely due to the fact that such thyroids are presented with higher plasma levels for longer periods of time. In the patients with kidney disease who, as noted, were clinically euthyroid and had normal levels of protein bound iodine in the plasma, there was a significant decrease in the rate of clearance of radio-iodine from the plasma by the gland. This could be due to either decreased activity of the gland or to dilution of the isotopic iodine with the high plasma levels of stable iodine or to both. In six patients in whom it was indirectly measured, the fasting plasma I127 level was on the average over 10 times higher than in the control subjects, therefore considerable dilution of the I"' by the stable isotope occurred, thus explaining in part the decreased uptake of I"3'. As regards the possibility of a decreased avidity for iodine of the thyroid glands of subjects with renal disease, on calculating the actual hourly uptake of 1127 by the glands, it was shown that the amount of iodide entering the gland per hour was actually higher than in the control subjects. As the patients were clinically euthyroid with normal levels of protein bound plasma iodine, it would seem that hormone formation was not increased. The increased entry of iodide molecules cannot be explained on the basis of an increased accumulation, for the capacity of the gland to hold iodide cannot be infinite. It must therefore be assumed that any increased uptake of inorganic iodine is balanced by an increased loss. This implies an increased rate of exchange between the inorganic iodine of the gland and of the plasma, the precise condition which would be expected in the presence of higher iodide concentrations in two tissues in equilibrium with each other. That there exists a dynamic equilibrium between the iodide of plasma and that of thyroid over a wide range of plasma iodide concentrations has been shown by Vanderlaan and Vanderlaan (18) .
Despite the diminished clearance of IJ31 from the plasma and the decreased rate of accumulation of I"' by the thyroid, it was noted that the 26 hour thyroid uptake, though lower than similar determinations on control subjects, was not greatly so. It would seem that two opposing factors are at work-a dilution factor due to elevated stable iodine plasma levels which lowers the amount of the radioactive isotope entering the gland, and a retention factor which presents the thyroid with higher levels of I131 for a longer time.
In 11 patients the 26 hour uptake of radio-iodide was within normal limits except in one elderly man where it was quite low. It has been noted, however, by Perlmutter and Riggs (19) that low uptakes of radio-iodide are common in the aged. It would seem therefore that where the question of thyroid assessment comes up in subjects with renal disease and an isolated procedure is used, the 24-26 hour in vivo measurement of thyroid uptake of I131 gives reasonably accurate information. This is in marked contrast to urinary excretion data or thyroid clearance or accumulation rates of J131 which, if carried out on patients with renal failure, can give a quite false picture of thyroid function.
SUM MARY
The urinary excretion and thyroid uptake of radioactive and stable iodide under fasting conditions were studied in a group of patients with renal disease and compared with similar values in a group of control subjects.
It was found that there was a low rate of excretion and a depressed renal clearance of iodine isotopes but in the patients with renal disease a greater proportion of the tubular load was reabsorbed. This was in contrast to the tubular handling of another halogen ion, chloride.
The rate of accumulation of radio-iodide by the thyroid gland was depressed as was also the "extra-renal disposal rate" of iodine calculated from urinary excretion data. Low values were also found for plasma clearance of radio-iodide by the thyroid gland. This was ascribed in part to a dilution of the radioactive isotope by retained stable isotope of dietary origin. When the amounts of stable iodide (1127) involved were computed it was found that actually more iodide was entering the thyroid per unit time than was the case in the control subjects. As the subjects were euthyroid and had normal levels of protein bound iodine in the plasma it was concluded that the increased uptake of iodide by the gland did not lead to an increased production of thyroid hormone.
